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NOTICES

This report was prepared as an a account of work sponsored by an agency of the United
States Government. Neither the United States Government nor any agency thereof, nor any
employees, nor any of their contractors, subcontractors, or their employees, .make any warranty,
express or implied, or assume any legal liability or responsibility for the accuracy, completeness,
or usefulness of any privately owned rights. Reference herein to any specific commercial product,
process, or service by trade name, trademark, manufacturer, or otherwise, does not necessarily
constitute or imply its endorsement, recommendation, or favoring by the United States Government
or any agency, contractor, or subcontractor thereof. The views and opinions of the authors
expressed herein do not necessarily state or reflect those of the United States Government or any
agency, contractor, or subcontractor thereof.

When Government drawings, specifications, or other data are used for any purpose other
than in connection with a definitely Government-related procurement, the United States
Government incurs no responsibility or any obligation whatsoever. The fact that the Government
may have formulated or in any way supplied the said drawings, specifications, or other data is not
to be regarded by implication, or otherwise in any manner construed, as licensing the holder or any
other person or corporation, or as conveying any rights or permission to manufacture, use, or sell
any patented invention that may in any way be related thereto.
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public, including foreign nationals.
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SUMMARY

A. OBJECTIVE

The objective of this program was to demonstrate that split-flow and recirculating
ventilation, individually and in combination, are safe and cost-effective methods of reducing paint
spray booth exhaust flow rates to lower the costs both of conditioning intake air and of
controlling volatile organic compound (VOC) emissions in exhaust air.

B. BACKGROUND

This study was part of an extended program of investigations into the cost and efficacy
of innovative approaches for bringing U.S. Air Force industrial operations into compliance with
current and anticipated air pollution environmental standards. Adequate ventilation of paint spray
booths requires the movement of large quantities of air, which are slightly contaminated during
passage through the booth. Air exhausted from this process requires decontamination, which,
although technically achievable at operating flow rates, can be prohibitively expensive. Because
emission-control costs depend on the volume of exhaust air being treated, considerable savings
can be realized through the application of an acceptable flow-reduction method.

A first principle of industrial hygiene is to employ engineering controls to their limit before
invoking personai protection. In dealing with exposures to airborne toxics, the mainstay
engineering device is enhancement of ventilation. However, increased ventilation creates
enormous volumes of slightly contaminated air, which must be treated before discharge and, in
many situations, the cost of such treatment is excessive. In such circumstances, a judgment
must be made about the relative cost in increased exposure compared to the economic benefit
in decreased operating cost. The goal of this study was to provide experimental data to support
the development of a general Air Force position and objective criteria for local decisions about
the acceptability of using flow-reduction methods in paint spray booths, based on local health-
risk/cost-benefit considerations.

C. SCOPE

This study comprised two sets of experimental measurements in Booth 2, Building 845,
Travis Air Force Base (AFB), California, plus the resuits of an ancillary effort conducted at
Research Triangle Institute (RTI) to verify experimentally that the flame ionization detector (FID)
used in the ventilation control loop is within its linear response range at the equivalent exposure
limit for the mixture of solvents present in the mixed topcoat. The first set of experimental
measurements was a baseline characterization of the distribution of toxic poliutants at the
exhaust face and in the exhaust duct of Booth 2. These data, the RTI resuits, and the test plan
for the second set of tests were reviewed by HQ AFLC/SGBE before approval was given to
proceed with the recirculation tests. The test plan and engineering drawings were reviewed by
the Fire Department, Safety Office, and Civii Engineering Office at Travis AFB and approved
before implementation. For the second set of tests, the ductwork in Booth 2 was reconfigured
to separate exhaust streams from the top and bottom of the booth (split-flow) and to return the
upper exhaust stream to the intake plenum for recirculation through the booth. The volunteer
painter was briefed and signed an informed consent form before participating in the study.
During separate painting sessions, several sets of concentration measurements were made of
VOCs, particulates, heavy metals, and isocyanates. Equivalent exposures (E,) were calculated
from these data, and projections of E,, were made for a range of recirculation ratios, together




with an economic analysis of the corresponding costs to install flow reduction technology and
apply VOC emission control devices.

D. METHODOLOGY

Per standard Travis AFB policy, painters in Booth 2 wear a protective jump suit, a
separate hood, and an airline respirator. To determine exposure concentrations, sampling was
performed simultaneously inside and outside the respirator, at 24 locations at the exhaust face,
in the exhaust ducts, and, during the second set of tests, at three locations at the face of each
of the two intake filters. To determine environmental contributions to the load of pollutants,
background air samples were collected at the back of the booth prior to the release of any paint-
derived materials. Standard sampling methods used were National Institute of Occupational
Safety and Health (NIOSH) Method 1300 (integrated measurement of individual organic species),
Bay Area Air Quality Management District (BAAQMD) Method ST-7 and U.S. Environmental
Protection Agency (EPA) Method 25A (continuous measurement of total organic concentration),
Occupational Safety and Health Administration {OSHA) Method 42 (filter faces and ducts) and
NIOSH Method 5521 (painter and ducts) (isocyanates), EPA Method 5§ and NIOSH Method 500
(particulate), and EPA Draft Multiple Metals and NIOSH Method 7300 (metals). Paint usage was
determined by weighing the gun after each filling and at the end of each painting session. The
percent volatile content of the paint was determined gravimetrically, as percent weight loss to
evaporation.  Airflows were measured with an anemometer (American Conference of
Governmental Industrial Hygienists [ACGIH]) in the booth and with a pitot tube (EPA 2) in the
exhaust ducts. Painting start and stop times were recorded manually by an observer, stationed
at the rear of the booth, who also noted the dimensions and lo¢ations of workpieces painted,
coatings applied, and other details. Projections of equivalent exposures at different recirculation
ratios were calculated by a Lotus 1-2-3 program written at U.S. EPA-Air and Energy Engineering
Research Laboratory (AEERL).

E. TEST DESCRIPTION

In both test series, representative workpieces were prepared and coated according to
norrmal operating procedures. During each such painting run, measurements were made of one
of the four pollutant classes using the methods specified in Section D. A typical painting session
lasted 30 to 90 minutes, and included postpainting cleaning of the paint spray gun with methyl
ethyl ketone (MEK) and tidying up of the area. In general, two sets of tests were accomplished
during an 8-hour shift, corresponding to a typical workday. A complete series of blood chemistry
parameters was determined for the painter at the conclusion of the testing.

F. RESULTS

Concentrations of airborne toxic pollutants are recorded in the tables of the report.
Strontium chromate occurs as the major contaminant during primer coating and was the largest
contributing factor to the E,,. Organic exposures were minor during all painting exercises,
except that high lsocyanate exposure occurred outside, but rot inside, the painter’s respirator
during topcoat application inside a comfort pallet (caused by airflow restrictions in the closed
space, and unrelated to the mode of ventilation in the booth). The newly constructed
recirculation duct was a source of several metals. These metals were included in £,
calculations, but the concentrations are expected to decrease after the newly constructed
surfaces are blown clean. Contributions to E,,, from recirculation are significantly less than the
Air Force criterion of 0.25 imposed by HQ AFLC/SGBE for these tests, and much less, in

iv




general, than the contritution from the painting process. The painter showed no evidence of
overexposure during the posttest medical evaluation.

G. CONCLUSIONS

Data support the prediction that workplace exposure levels during recirculation of paint
spray booth exhausts, especially combined with split-low extraction of the pollutant-enriched
lower portion of the exhaust stream, can be maintained less than an arbitrarily selected criterion
(here, E,, = 0.25). Flow splitting as a technology is only marginally effective; however, in
combination with recirculation, it acts to lower the concentrations in the recirculated stream at
a given rate of racirculation. Computational projection of £, to larger recirculation rates, and
interpolation of results of an earlier economic analysis of scale-related costs to decontaminate
exhaust air, indicate that available cost savings allow projected payback periods on the order of
1 year for thermal or catalytic incineration.

H. RECOMMENDATIONS

Improvements should be examined to augment or replace present-generation filter and
water particulate controi systems. Concurrently, or when the improved technologies satisfy loca:
standards, a combination of flow reduction and VOC control should be implerented in &n area
of intense regulatory pressure as the definitive prototype. A standardized set of criteria should
be established to guide site selection, design, installation, and maintenance,
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PREFACE

This final report was prepared by Acurex Environmental Corporation, 555 Clyde Avenue,
Mountain View, CA 94043, under Contract No. 68-D2-0063, for the U.S. Environmental Protection
Agency (EPA), Air and Energy Engineering Research Laboratory (AEERL), and the Armstrong
l.aboratary Environics Ditectorate (AL/EQ), 139 Barnes Drive, Tyndall Air Force Base (AFB) Fi
32403-5323. The industrial hygiene evaluation was performed by Clayton Environmental
Consultants, 1252 Quarry Lake, Pleasanton, CA 94566.

This report describes maasurements of background concentrations of airborne toxic
pollutants in Booth 2, Building 845, Travis AFB, CA; design and construction of modifications to
the booth ventilation system; measurements of airborne toxic pollutants in the modified booth
during split-flow and concurrent split-flow and recirculating ventilation; and a projective analysis
of equivalent personnel exposures and net costs to operatr. flow reduction and emission control
systems at varying recirculation ratios. The work was performed between February 1991 and
September 1992. The Air Force project officer was Dr. Joseph D. Wander. EPA project
managers were Charles H. Darvin and Jamie K. Whitfield.

indispensable cooperation and support were provided by a number of Air Force functions.
Ted Liston (60 EMS/MAEFP) provided facilities in Building 845 and practical advice; Terry
Kirkbride (60 EMS/MAEFP) and Mark Sandy (60 ABG/EM) managed coordination with cognizant
Travis functions and solicited voluntser painters; Sgt. Bill Fleming and Bill Harrison painted during
the baseline and split-fiow tests, respectively; Richard Smith painted during the recirculating
ventilation tests; TSgt. Haugen (DGMC/SGPM) saw to the posttest evaluation of Mr. Smith and
secured his release of the test results; Det 6 AL/SAQ, Brooks AFB TX, performed metals and
isocyanate analyses; Major John Seibenrt, Det 6 AL/EHI and the designee of Col. Bruce Poitrast,
AL/OE-CA, was an active contributor to discussions of baseline data and the test plan for the
recirculation tests; Col. Phil Brown, HQ AFLC/SGBE, accepted responsibility for authorizing the
performance of the recirculation tests, after several iterative discussions of these baseline resuits
plus data and conclusions from experimental verification of the capability of flame ionization
detector (FID) technology to reliably detect equivalent exposure limit of a complex (specified)
mixture of paint solvents. Major Steve Bakalyar, AL/OEMI, offered constructive suggestions and
contributed to the final version of this document.
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APPENDIX D
BOOTH MODIFICATION DESIGN AND CONSTRUCTION PACKAGE

The booth modifications are illustrated in 1@ accompanying schematics and described
briefly below.

A. DUCT MODIFICATIONS

Downstream of the existing exhaust blower (exhaust fan 1) a 48-inch-diameter sheetmetal
tee was installed in the existing duct. Two motor-operated, 48-inch-diameter air dampers were
installed on the exhaust ports of the tee (dampers 1 and 2). Damper 2 was installed on the
downstrear: side of the tee and between the tee and the continuation of the existing 48-inch-
diameter duct. It controls the flow of exhausted gases to the atmosphere outside the building.
Damper 1 was installed on the branch side of the tee and controls the flow of exhausted gases
to the inlet duct for recirculation. A new 48-inch-diameter sheetmetal duct was installed between
damper 1 and the existing fresh air supply duct.

Control of the two damper air motors is regulated by Analysis Safety Valve (ASV)-1
(ASCO Model 834911), a four-way dual solenoid valve, which allows plant air to flow to or vent
from the air motors according to the feedback control system (discussed below). In the event
of power loss, the solenoid valve fails to the fail-safe mode, i.e., the single-pass position, which
closes damper 1 and opens damper 2, thus diverting all exhaust gases to the atmosphere
outside the building. '

in addition to modifications to the existing ducts, a new 30-inch-diameter axial blower and
duct was installed to vent the lower chamber of the plenum.

B. FEEDBACK CONTROL SYSTEM

A failsafe damper interlock control system was designed to respond to an instantaneous
emission peak exceeding the STEL action level and to a 60-second emission level at or above
the TLV.

The interlock system (see drawings 8380E100 and 8380E101) was equipped with the
following features:

e Total unburned hydrocarbon (TUHC) analyzer (Ratfisch Instruments type RS §5CA
heated total hydrocarbon analyzer FID) (ASE-1/AST-1).

® Failsafe controls (ASA-1/ASV-1):

—~ An instantaneous interlock to begin single-pass operation when STEL
concentration action level is exceeded.

—~ An adjustable timer (set at 5 minutes) to ensure single-pass operation for a
predetermined time after STEL or TLV interlock activation, prior to converting
back into the recirculation configuration.




— An adjustable timer (set at 60 seconds) to delay operation of the TLV
concentration interlock for 1 minute while continuing monitoring operations. If,
after 1 minute, the concentration is still above TLV, the system initiates the single-
pass mode.

— An indicator light to indicate that ihe 60-second TLV concentration timer is “on."

— An interlock to convert the system to single-pass mode if the hydrocarbon
analyzer power is turned off or its flame goes out.

— A solenoid valve wired and plumbed to return to the single-pass operation mode
whenever there is a power loss,

C. PERMIT VARIANCES

At the start of this study, the paint booth was operational and permitted for use in the
single-pass mode. In conversations with the Bay Area Air Quality Management District
(BAAQMD), it was determined that a new permit to operate the booth after modification was
unnecessary; a notification letter to BAAQMD in advance of the modification sufficed.
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NOTES:

1.

ALL DIMENSIONS
ARE APPROXIMATE
AND SHALL BEFIELD
VERIFIED.

2, TRANSITION PIECE

SHALL BE MADE IN
SECTIONS WHICH CAN
BE PASSED THROUGH
THE EXISTING
PERSONNEL DOOR.

3. TRANSITION PIECE
SHALL INCLUDE ALL
SUPPORTS AND
FASTENERS.

Lower Exhaust Plesnum Chamber

320"+

30" @ GALVANIZED
STEEL SPIRAL LOCK-
SEAM DUCT, TYP.
(UNITED McGILL UNI-
SEAL ROUND DUCT
AND FITTINGS, 2-10
INCHES W.G., OR
APPROVED EQUAL)
22 GAUGE MINIMUM

30" © EXHAUST FAN

TRANSITION PIECE
FABRICATE FROM
MINIMUM 22 GAUGE
GALVANIZED SHEET
METAL ( SEE NOTE
2 AND DRAWING

8380M107)
-5",4.
> a"o.
H ’:6"_1‘
A
~

Trangition Piece and Exhaust Duct Isometric
for Travis AFB Building 845 Paintbooth No. 2
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NATIONAL EXPRESS LABORATORIES, INC.

Mid-Pucific Enviconmentel Leboratory, Inc.

%ol

6258 Clyde Avesve
Mountoin View, (A 94043
(41} 964-0844
FAX (015) 961-7113

June 4, 1991

Ms. Jackie Ayer
Acurex Engineers
555 Clyde Avenue
Mountain Viaw, CA 94043

Ms. Ayer:

Here are the NIOSH 1300 information I promised you. Our final
report to you has all been corrected for dasorption efficiency.
The desorption efficiency study was performed at three leavels
approximately 100ug, 700ug, and 1400ug per tube. The MDL study
was performed using the same amount as level I of the desorption
efficiency study. The correction factor used in calculating your
NIOSH 1300 is slighly different from this set I am sending to
you. The only difference is that I had normalized all recovery
greater than 100 percent to 100%. This set I am sending you has
was not been normalized for recovery greater than 100 percent.
There is only about 0.1 to 0.6 percent difference betwesn the
numbers. If you want your reports revise using the new
correction factor please let me know.

Sorry this took so long. I hope this did not cause you any
inconvenience with your project.

Sincerely,

DTN "
b {

‘Daniel Mew,

GC Section Manager

Mid-Pacific Environmental Laboratory Inc.
National Express Laboratory

-etvled poper




MID-PACIFIC ENVIRONMENTAL LABORATORY Page 2
Instrument ID: 3400-2 (DB624 60m column)
Date: 4/25/91

Desorption Efficiency Study - Level 1

Extract Average

conc. Al A2 Al A4 LtRec.
MEK 37.00 104.82 104.57 . 104.99 104.18 104.64
ETHYLACETATE 35.00 103.64 103.55 103.29 101.56 103.01
2-BUTANOL 38.00 101.60 99.80 101.38 99.92 100.67
N-BUTANOL 33.00 93.65 92.62 93.33 93.04 93.16

METHOXYACETONE 13.00 49 .37 49.11 48.08 49.52 49,02
ETHOXYETHANOL 28.00 21.35 21.59 23.88 22.33 22.29

MIBK1l 31.00 104.61 103.58 103.50 102.03 103.43
TOLUENE 34.00 103.57 102.63 102.51 101.11 102.46
BUTYLACETATE 26.00 105.15 104.17 104.05 103.08 104.11
ETHYLBENZENE 34.00 105.76 104.81 104.31 103.47 104.59
M & P XYLENE 34.00 98.47 134.76 119.45 129.22 120.48
PMGE ACETATE 38.00 105.00 104.47 103.852 102.90 103.97
O-XYLENE 35.00 10l1.18 101.46 101.42 100.65 101.18
2-EOE ACETATE 38.00 106.95 106.23 100.73 105.04 104.74
2=-MOE ETHER 38.00 66.66 69.15 71.00 66.08 68.22

Derorption Efficiency Study - Level 2

Extract Average

conc. B1 B2 B3 B4 & Rec.
MEK 185.00 101.28 92.99 99.24 100.94 98.61
ETHYLACETATE 175.00 100.77 92.15 98.52 99.73 97.79
2-BUTANOL 190.00 97.92 89.68 95.49 97.36 95.11
N=BUTANOL 165.00 96.04 87.79 94.12 95.48 93.36

METHOXYACETONE 95.00 82.72 74.71 80.82 82.38 80.16
ETHOXYETHANOL 140.00 65.70 58.65 63.85 65.98 63.54
MIBK1 155.00 99.92 91.01 97.57 95.80 96.82
TOLUENE 170.00 99.48 90.54 97.04 98.25 96.33
BUTYLACETATE 130.00C 101.05 91.88 98.33 99.45 97.68
ETHYLBENZENE 170.00 100.37 $1.55 97.85 99.15 97.23
M & P XYLENE 170.00 108.54 89.66 95.80 97.12 97.78
PMGE ACETATE 190.00 99.14 90.21 96.58 97.81 95.94

O-XYLENE 175.00 96.08 87.66 93.62 94.92 ©3.07
2-EOE ACETATE 190.00 98.93 90.42 96.43 97.79 95.89

2~-MOE ETHER 1%0.00 76.16 68.80 73.87 75.16 73.50




Page 3

Desorption Efficiency Study - Level 3

Extract Averags
conc. C1 C2 c3 C4 % Rec.
MEK 370.00 99.69 100.85 99.40 98.23 99.54
ETHYLACETATE 350.00 98.78 99.88 98.82 97.82 98.83
2-BUTANOL 380.00 96.79 97.87 96.51 95.40 96.64
N-BUTANOL 330.00 95.38 96.61 95.10 94.27 95.34

METHOXYACETONE 190.00 85.83 87.10 85.60 84.97 85.88
ETHOXYETHANOL 280.00 81.10 78.81 77.96 77.52 78.85
MIBK1 310.00 98.84 99.33 97.67 96.82 98.17
TOLUENE 340.00 98.12 98.74 97.00 95.95 97.45
BUTYLACETATE 260.09 99.14 99.86 98.49 97.85 98.83
ETHYLBENZENE 340.00 98.08 98.78 97.52 96.81 97.80
M & P XYLENE 340.00 97.76 97.40 96.17 95.46 96.70
PMGE ACETATE 380.00 97.26 97.89 96.73 95.99 96.97

O-XYLENE 350.00 93.79 94.46 93.37 92.72 93.59
2-EOE ACETATE 380.00 96.97 97.90 96.79 96.07 96.93
2-MOE ETHER 380.00 79.70 79.86 79.62 79.61 79.70

Average Desorption Efficiencies (vercent)

Level 1 ILevel 2 Level 3 Average

MEK 104.64 98.61 99.54 100.93
ETHYLACETATE 103.01 87.79 98.83 99.88
2~-BUTANOL 100.67 95.11 96.64 97.48
N-BUTANCL 93.16 93.36 95.34 93.95
METHOXYACETONE 49.02 80,16 85.88 71.69
ETHOXYETHANOL 22.29 63.54 78.85 54.89
MIBX1 103.43 96.82 98.17 99.47
TOLUENE 102.46 96.33 97.45 98.74
BUTYLACETATE 104.11 97.68 98.83 100.21
ETHYLBENZENE 104.59 97.23 97.80 99.87
M & P XYLENE 120.48 97.78 96.7¢ 104.98
PMGE ACETATE 103.97 95,94 96.97 98.96
O-XYLENE 101.18 93.07 93.59° 95.94
2-EOE ACETATE 104.74 95.89 96.93 99.19
2-MOE ETHER 68.22 73.50 79.70 73.81
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APPENDIX F
REDUCED DATA FOR THE BASELINE TEST SERIES
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Travis AFB NIOSH 500 Particulate
Date: 16 April 1991 sTP Booth:
Start Time: 14:48 P=29.92 "Hg T= 66.6
Stop Time:  15:48 T=68 *F P= 29.87
Volume
i | | Time | Sample | Volume |Collected | Weight | Weight |
| | Sample | Sampled |Flowrate |Collected | @ STP | Gain | Gain |
Site Lucation | Date | Number | (min) | (1/min) | (1) | ) | () | (mg) | (mg/m3)
I I | I | I | I |
1 |16 April | 12 | 65.00 | 3.1 | 201.50 | 201.70 | 0.000}6 | 0.2 0.793
2 |16 Aprid | 15| 54.00; 3.02| 163.08 | 163.24 | 0.00000 | 0.0 0.000
3 |16 April | 3| 63.00] 3.13| 187.19 ] 197.38 | 6.00014 | 0.1 | 0.709
4 |16 Aprid | 8| 6200 3.093| 191.77 | 181.95 | 0.00000 | 0.0| 0.000
5 |16 April | 11| 65.00 | 3.094 ] 200.11 | 201.31 | 0.00009 | 0.1 | 0.447
) 6 |16 April | 19| 63.00] 3.008] 19517 | 195.37-| 0.00000 | 0.0 | 0.000
7 |18 April | 13| e4.00 | 2.961 | 189.50 | 189.69 | 0.00055 | 0.6 | 2.899
8 |i6 April | 14| 62.00 ] 3.133 | 194.25| 194.44 | 0.00047 | 0.5 | 2.417
9 |16 April | 17| 63.00| 3.056| 192.53| 192.72 | 0.00021 | 0.2 ] 1.090
10 {16 April | 16 | 63.00 | 3.059 | 192.72 | 192.91 | 0.00076 | 0.8 | 3.940
11 |16 Apri) | 18| 63.00 | 3.033| 191.08| 191.27 | 0.00311 | 3.1 | 16.260
12 |16 April | 4| 62.00| 3.074| 190.59 | 190.78 | 0.00118 | 1.2 | 6.185
13 |16 April | 5] 63.00) 3.074 ) 193.66| 193.85 | 0.0008 | 0.8 4.127
14 116 April | 9| 63.00| 3.068( 193.28 | 193.47 | 0.00291 | 2.9 | 15.041
15 |16 April | 39| 63.00| 3.016] 190.00] 190.20 | 0.00691 | 6.9 | 36.331
16 |16 April | 33| 62.00 | 3.062] 189.84 | 190.03 | 0.00526 | 5.3 ] 27.680
] 17 |16 April | 1] 6300 3.079| 193.98] 194.17 | 0.0143 | 143 ] 73.648
18 |16 Apri) | a7 | e64.00| 3.077 | 196.93] 197.12 | 0.00662 | 6.6 | 33.583
\ 19 |16 April | 27| 63.00 | 3.077 | 193.85 | 194.04 | 0.00435 | 4.4 | 22.418
i 20 |16 April | 30| 6200 | 3.008| 192.08| 192.27 | 0.00465 | 4.7 | 24.185
\ 21 |16 April | 6| 63.00] 3.023| 19z.45] 190.64 | 0.0002 | 0.2 ] 1.049
22 |16 April | 2| 6300 3.076| 193.79 | 193.98 | 0.00088 | 0.9 | 4.537
1 23 |16 April | 32| 63.00 | 3.054| 192.40 | 192.59 | 0.00533 | 5.4 | 27.935
[ 24 |16 Aprii | 36 | 62.00| 3.107 ] 192.63 | 192.82 | ¢.00201 | 2.0 | 10.424
! Painter 0d |16 April | 25| 0.0 | 3.064 | 0.00 | 0.00 | 9.00000 | 0.0 | N/A
| Painter UN |16 April | 24 | 63.00 | 3.086] 194.42 | 194.6%1 | 0.00000 | 0.0 1 0.000
‘ (Duplicate) 10 |16 April | 10| 63.00] 3.199 | 201.54 ] 201.74 | 0.00068 | 0.7] 3.3n
(Ouplicate) 15 |16 April | 35} 0.00] 3.178 | 0.00 | 0.00 | 0.00046 | 0.5 | N/A
Blank 116 April | 7] 0.00] 0 0.00 | + 0.00 | 0.00500 | 0.0 | NIA
- l | | | l | o0.00| b o0
Exhaust Duct |16 April | | | 1,087 | 0.00 | 0.00 | | 0.0
. Painter OH = Qutside painter respirator hood.

Painter UH =

41

Underneath painter respirator hood.



| (mg/m3)

Travis AFB NIOSH 500 Particulate
Date: 17 April 1991 STP Booth:
Start Time: 16:05 P=29.92 "Hg T= 68
Stop Time: 17:18 Tx68 °F p= 29.93
Yolume
| ] | Time | Sample | Volume |Collected| Weight | Weight |
| |Sample|Sampied|Flowrate |[Collected| @ STP | Gain | Gain |
Site Location | Date |Number| (min) | (V/mim) | (1) | () | (g) | (mg)
I | | | | | | I
1 |17 April | 40 | 84.00 | 3.052 | 256.37 | 256.45 | 0.00003 |
2 |17 Aprit |} 58 ) 70,00 ] 3.00 ] 210.70 | 210.77 | 0.00000 |
317 april | 22 | 83.00 | 3.036 | 252.15 | 252.24 | 0.00000 |
4 |17 April | 34 | 82.00 | 3.102 | 254.36 | 254.45 | 0.00000 |
5|17 Apri1 | 52 | 84.00 | 2.87 | 241.08 | 241.16 | 0.00008 |
6 |17 April | 46 | 82,00 | 3.096 | 253.87 | 253.96 | 0.00000 |
7 117 April | 29 | 83.00 | 2.964 | 246.01 | 246.09 | 0.00000 |
8 [17 Apri) | 23 | 82.00 | 3.102 | 254.36 | 254.45 | 0.00042 |
9 |17 Apri1 | 43 | 83.00 | 3.045 | 252.74 | 252.82 | 0.0001& |
10 |17 Aprit | 59 | 83.00 | 3.039 | 252.24 | 252.32-| 0.0000 |
11 |17 Aprid | 45 | 82.00 |  3.02 | 247.64 | 247.72 | 0.00095 |
12 [17 April | 20 | 82.00 | 3.036 | 248.95 | 249.04 | 0.00042 |
13 117 April | 31 | 82.00 | 3.081 | 249.36 | 249.45 | 0.00878 |
14 |17 Aprit | 38 | 82.00 ! 3.038 | 249.12 | 249.20 | 0.00179 |
15 |17 April | 48 | 82.00 | 2.963 | 242.97 | 243.05 | 0.00012 | .
16 |17 April | 49 | 82.00 | 3.043 | 249,53 | 249.61 | 0.00219 | 2.2
17 |17 April | 42 | 83.00 ] 3.045 | 252,74 | 252.82 | 0.00218 | 2.2
18 |17 April | 44 | 83.00 | 3.071 | 254.89 | 254.98 | 0.00522 | 5.2
19 [17 April | 41 | 82,00 | 3.048 | 249.94 | 250.02 | 0.00635 | 6.3
20 |17 April | 53 | 82.00 | 3.084 | 252.89 | 252.97 | 0.00357 | 3.6
21 |17 Aprit | 51 | 82.00 | 3.012 | 246.98 | 247.07 | 0.00044 | 0.4
22 |17 Apri1 | 55 | 82.00 | 3.062 | 251.08 | 251.17 | 0.00085 | 0.7
23 [17 Apri) | 47 | 82,00 | 3.026 | 248.13 | 248.21 | 0.00115 | 1.2
24 17 April | 21 | 82.00 | 3.05| 250.10 | 250.18 | 0.00072 | 0.7
Painter OH |17 April | 50 | 78.00 | 3.008 | 234.62 | 234.70 | 0.00085 | 0.9
Painter Ui (17 April | 57 ] 78,00 | 3.036 | 236.81 | 236.89 | 0.20000| 0.0
(Duplicate) 10 |17 Apri? | 66 | 82.00 | 3.16 | 259.12 | 259.21 | 0.00044 | 0.4
(Duplicate) 15 |17 Apri) | 54 | 82.00 | 3.144 | 257.81 | 257.89 | 0.0024 | 2.4
( I | | ' 0.00 | | 0.0
Blank {17 April | | o0.00 | o] o000} 0.00] |
Exhacst Duct |17 April | | 6u.o0 | 1.053 | 63,18 63.20 | |
Exh. Duct Dup |17 April | | 60.00 | 1.089 | 65364 6536 | |

Painter OH
Painter UH

W

42

Outside painter respirator hood.
Underneath painter respirator hood.
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Travis AFB

- o 8 e e

Date: 19 April, 1991
Start Time: 11:26
Stop Time: 12:26
| I
| |Sampie
Site Location | Date  |Number
| |
1 }19 Aprit | 8
2191 | 6
3 J19 Aprit | 2
4 |19 aprit | 4
5 |19 April | 20
6 {18 April | 14
7119 Aprit | 7
8 |19 April | 13
9 |19 Apri1 | 22
10 |19 Apri) | 23
11 |19 April | 51
12 |19 April | 43
13 119 Apri) | 15
14 |19 April | 5
15 |19 Apri1 | 59
16 |19 April | 58
17 |19 Apri) | 34
18 119 Aprid | 18
19 {18 April | 19
20 |19 April | 9
21 19 April | 21
22 |19 April | 25
23 |19 Aprit | 1
24 |19 Apri1 | 35
Exhaust Duct |19 April | 10
(Duplicate) 10 |19 Aprit | 11
(Ouplicate) 15 |19 April | 24
Painter U |10 April | 54
Painter OH |19 April | 41
Blank J19 Aprt) | 16

Exhaust Duct |19 April | Tu

Painter UH =
Painter OH

be

Isocyznates

Booth: STP:

T= 64.3  P=20.92 “Mg

P= 29.8  T=68 °F

Volume )

| Time | Sample | Volume |Collected] HMDI |  HMDI |
|Sampled|Flowrate |Collected] @ STP |[per Filter|Concentration|
[ (min) [ QO/min) | () | () | (ug) | {ug/md) |
I I | I I I I
| 66.0 | 2.082| 203 | 205 | < 1.0 | < 49 |
| 55.0 ) 3.314| 182 | 18 | < 1.0 | < 5.5 |
| 65.0 ] 3.048| 198 | 19 | < 1.0 | < 50 |
| s4.0) 3.115] 199 | 200 | < 1.0 | < 5.0 |
| 66.0 ] 3.069| 203 | 204 | < 1.0 | < 49 |
| =t0] 3144 200 | 202 | < 1.0 | < 49 |
| 64.0| 3.015] 193 | 194 | < 1.0 | < 5.2 |
| 61.0] 3.094)| 189 | 190 | < 1.0 | < 53 |
| 65.0 ] 3.160| 205 | 207 | < 1.0 | < 4.8 |
| e4.0| 3.069] 196 | 198 | < 1.0 | < 51 |
| 64.0] 3.158| 202 | 203 | < 1.0 | < 49 |
| 63.0] 3.112] 196 | 197 | < 10 | < 51 |
| 65.0 | 3.125| 203 | 204 | < 1.0 | < 49 |
| 64.0| 3.1249| 202 | 203 | < 1.0 | < 49 |
| e4.0 | 3.167| 203 | 204 | 1.3 | 6.4 |
| e3.0| 3.119| 19 | 198 | 1.0 | 5.1 |
| 6s.0| 3.136| 204 | 208 |} < 1.0 | < 49 |
| 64.0] 3.220] 200 | 201 | 1.5 | 7.5 |
| s4.0 ] 3.131 ] 200 | 202 | 2.5 | 12.4 ]
| 63.0 ) 3.162] 199 | 200 | 2.2 | 1.0 |
|-65.0] 3.120| 203 | 200 | < 1.0 | < 49 |
| 64,0 3.151 | 202 | 203 | < 1.0 | < 49 |
| e4.0] 3.118] 20 | 20 | < 10 | < 50 |
| 83.0) 3.136] 198 | 199 | < 1.0 | < 50 |
| s5.0 | 3.72| 174 | 115 | < 1.0 | < 57 |
| s4.0| 3.127] 200 | 200 | < 1.0 | < 50 |
| e4.0] 3.156] 202 | 203 | 1.6 | 7.9 |
| 65.0 ] 3.116] 203 | 204 | < 10 | <« 49 |
| es.o0|] 3.108] 202 | 23 | < 1.0 | < 49 |
| 0.0f WA | mA | A | 1.0 | NA |
| | I | | | I
| s3.0|] o991 ] 53 | 53 | | |

Underneath painter respirator hood.
Outside painter respirator hood.
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Travis AFB

Date: 19 April,
Start Time: 15:15
Stop Time: 16:00

I
|
Site Location | Date

---------------------------------------------

1 |18 april

2 119 april

3 {19 Aprid

4 |19 April

5 {19 April

6 |19 April

7 |18 April

8 |19 April

9 |19 April

10 {19 Aprid

11 |19 Aprid

12 |19 Apri)

13 |19 Apri)

14 |19 Apri)

15 )19 Aprid

16 |19 April

17 |19 April

18 |19 April

19 119 April

20 |19 Aprid

21 |19 April

22 |19 Apri)

23 {19 April

24 |19 April

Exhaust Duct |19 Apri)
Exh. Duct Dup. |19 Apri)
Exh. Duct Bink |19 April
(Duplicate) 10 |19 April
(Duplicate) 15 |19 April

Painter UH  [19 April
Painter O  [19 April
Blank }19 Apri)

|
Exhaust Duct |19 Apri)

Isocyanates
1991
Booth: STP
T= 65.6  P=29.92 "Ng
P= 20.88  Te=68 °F
Volume

| | Time | Sample | Volume |Collected| MMDI | HMDI |
| Sample [Sampled|Flowrate |[Collected| @ STP |per Filter [Concentration|
| Number | (min) | O/min) | () | () | (ug) | (ug/m3) |
| I I | I I | |
| 26 | 4s.0] 3.105]| 152 | 153 | <« 1.0 | < 6.6 |
| 17 | 400 3341 134 | 134 | < 1.0 | < 7.5 |
| 29 | 470 3.002| 142 | 142 | <« 10 | < 7.0 |
| 39 | 4.0 3.041| 240 | 140 | < 20 | < 71 |
| 45 | 48.0| 3.057 | 147 | 47 | <« 1.0 | < 6.8 |
| 52 | 470 3.133] 147 | 148 | < 10 | < 6.8 |
| 53 | 47.0| 3.019| 142 | 142 | < 10 | < 7.0 |
| 31 | 450| 3.103| 140 | 140 | <« 1.0 | <« 7.1 |
| 4 | 48.0| 3.132) 1560 | 151 | < 1.0 | < 686 |
| 48 | 47.0] 3.044] 143 | 144 | < 210 | < 7.0 |
| 30 | 47.0] 3.035| 143 | 143 | <« 1.6 | < 10 |
| 37 | 4.0 3.116| 143 | 144 | < 10 | < 7.0 |
| 12 ) 4720 318| 142 | 147 | < 1.0 | < 6.8 |
| 4 | 47.0] 3.143) 148 | 148 | < 1.0 | < 67 |
| 32 | 46.0| 3.176 | 146 | 147 | 1.2 | 8.2 |
] 33 | 46.0} 3.155] 145 | 146 | < 1.0 | < 69 |
| 38 | 420] 3128 147 | 147 | < 10 | < 68 |
| 42 | 420} 3.133] 147 | 148 | < 10 | < 68 |
| 40 | 470} 3120 147 | 147 | 2.8 | 19.0 |
| s2 | 450 3.159] 142 | 143 | <« 10 | < 7.0 |
i 3 | 470 3.109| 146 | 147 | < 1,0 | < 68 |
| 55 | 470 3.150) 148 | 149 | < 10 | < 6.7 |
| 28 | 460 3.131 | 144 | 144 | < 10 | < 69 |
| 48 | 46.0| 3.128| 144 | 144 | < 10 | < 69 |
| 36 | 420) 3.158]| 133 | 1333 | <« 10 | < 7.5 |
| 44 | 420 3129} 131 | 132 | < 10 | < 7.6 |
| 27 | 420 WA | WA | WA | < 10 | NA
| 70 | 470] 3.130) 147 | 148 | < 10 | < 6.8 |
] 50 | 46.0| 3.168| 346 | 148 | 1.3 | 3.9 |
| 72 | 48.0] 3.098| 149 | 149 | < 1.0 | 6.7 |
| nn | 480 3.185] 183 | 1583 | <« 1.0 | 6.5 |
| s6 | o0} NA | WA | WA | 1.0 | A |
| I I | | | | I
|Charcoal| 42.0) o0.991| 42 | 42 | | |
| Tube | I | I ! | !

Painter UM = Underneath painter respirator hood.

Painter OH = Outside painter respirator hood.




APPENDIX G
REDUCED DATA FOR THE POSTMODIFICATION TEST SERIES
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APPENDIX H

QUALITY ASSURANCE/QUAUITY CONTROL EVALUATION

A number of quality assvrance/quality control (QA/QC) procedures were followed to
assess the qualily of the reported data. The data quality objectives (DQOs) are listed in
Tatle H-1. The DQOs, defined in terms of measurement accuracy, precision, and completeness,
were originally outlined in the Quality Assurance Project Plan (Reference 1). Inresponse to the
EPA QA review (Reference 2 ), the DQOs were subsequently revised and submitled in the
Acurex Environmental letter dated 6 May 1992 (Reference 3). The high variability of normal
boolh operations causes difficulty in establishing DQOs.

A. ASSESSMENT OF OVERALL DATA QUALITY

The DQO results are presented in Table H-2. Nearly all DQOs were achieved. Some
objeclives, for the integraled sampling, were not met for side-by-side duplicate samples taken
al specilic sampling localions. The variability detecled from side-by-side duplicale analyses was
due to sample orientation. Greal effort was expended to ensure that the duplicate VOC,

parliculale, isocyanates, and metals sample systeams had identical orientations. However, some
samplers shifled slightly during painting.

1. Precision -

To ensure data precision, air flow rate anemometer measurements at the booth
exhaust and intake faces were obtained following each test. Duplicale anemomeler
measurements were taken at one randomly selected grid site per test. Split-flow duct flow rale
measurements were taken according to EPA Method 2 prior 1o each sampling event. A duplicale
measurement was taken every 2 days. Due to cyclonic flow patlterns in the recirculation duct,
it was not possible to measure the flow rate of the recirculated airstream using EPA Method 2.
Therefore, the precision is undefinable.

To assess the precision of CEM sampling, the periodic zero, span, and reference gas
response results wera compared.

To assess precision of the integrated pollutant concentration measurements in the
booth, duplicate samples were collected during each sampling event. Because sample collection
occurred under dynamic operaling conditions, a side-by-side sampling strategy was adopted to
generate the required duplicates. The side-by-side samples were localed and oriented as close
to identically as possible, but under normal booth operaling condilions the sampling system
oflen shifted during the test. For this reason, the RPD at specilic sampling locations was
observed to be as high as 100 percent. However, when averaged over all the duplicate samples,
the precision RPD DQO was met for each pollutant category.

Side-by-side duplicale samples ware also collected in the integrated duct organic and
isocyanate sampling events. Precision for EPA Method 5§ and the Dralt Multiple Metals trains

could not be assessed because selling up side-by-side duplicale sampling trains was not
possible.
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TABLE H-1. DATA QUALITY OBJECTIVES.
Measurement Meacurement Precision Accuracy Coinpleteness
Parameter Method (RPD) (% Recovery) (%)
Volume Flow
Exhaust and intake faces ACGIH 20 140 90
Anemometer
Vertilation ducts EPA Method 2 20 +10 90
Particulate
Exhaust and intake faces and painter | NIOSH 500 35 NM*P 90
Ventilation ducts EPA Method 5 NM© NM® 920
Metals
Exhaust and intake faces and painter | NIOSH 7300 35 +30 90
Ventilation ducts Drak EPA Nmd +30 90
Multiple Metals
Organics
Integrated NIOSH 1300 35 +30 90
Continuous EPA Method 25A 20 +20 90
BAAQMD ST-7 20 +20 90
Isocyanates '
Exhaust and intake faces and painter | OSHA 42 35 +30 90
Ventilation ducts NICSH 5521 35 +30 90
Paints
% Volatile Grab sample, 20 +20 90
W loes on drying
Usage rate Obsaervation, NM® NM® 90
gravimetric analysis
Density Grab sample, 20 +20 20
wt/vol analysie

*NM = Not measured; not measurable.

bMethod states that the biss is not significant.
SThe primary eTor source is non-isokineticity. The isokineticity objective is S0 to 110 percent.
dprecision (as relative standard deviation) listed in the method ranges betwesn 10 and 25 percent.
*Not definable. Estimated at +50 percent.
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TABLE H-2 DATA QUALITY RESULTS.

Meaaurement Precision AccGuracy Completeness
Measurement Parameter Hethod (RPD) (* Recovery) (%)
Volume Flow
Exhaust and intake faces ACGIH 5 NM*P 95
Anemometer
Exhaust duct EPA Method 2 5 +2 95
Recirculation duct EPA Method 2 NMP NMP NMP
Particulate
Exhaust and intake faces and painter NIOSH 500 32 NM°© 90
Ventilation ducts EPA Method S Nmd Nmd 90
Metals
Exhaust and intake faces and painter NIOSH 7300 23 +15 90
Ventilation ducts Draft EPA NM* ] +20 90
Multiple Matals
Organics
integrated NIOSH 1300 24 +30 86
Continuocus EPA Method 25A 10 +10 90
BAAQMD ST-7 10 +10 90
Isocyanates
Exhaust and intake faces and painter OSHA 42 10 NM! 95
Ventilation ducts NIOSH 5521 10 +18 90
Paints A
% Volatile Grab sample, 5 +13 100
wt. loss on drying
Usage rate Observation, NM? NME 90
gravimetric
anslysis
Density Grab sample, 2 19 100
wt/vol analysis

ANM = Not measured; not measurable.

Flow rate is not measurable due to cycionic flow pattems in the duct.

°Maihed status that the bias is not significant.

9The primary efror scurce is non-isokineticity. The isokinaticity objective is 90 to 110 percent.
*Precision (as relative standard deviation) listed in the method ranges between 10 and 25 percent.

fSpike analysis not conducted.

INot definable. Estimated at +50 percent.
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To assess precision of the paint percent volatile and density measurements, duplicate
samples were collected and analyzed. The paint usage rate was determined gravimetrically.
There is no practical method for assessing the precision or accuracy of this measurement.

2. Accuracy

Due to cyclonic flow patterins in the recirculation duct, the relative accuracy of the air
flow rate measurements in the booth was not quantifiable. The accuracy of the measurement
of the split-flow duct flow rate according to EPA Method 2 was established using calibrated
standard pitot tubes.

To measura accuracy of the continuous organic concentration measurement, a mid-
range standard reference gas that was not a zero or span gas was used. A solvent mass
balance calculation provided an additional means of measuring accuracy, by comparing the
quantity of solvent released into the booth to the quantity measured by the continuous monitors
in the exhaust streams.

Accuracy of the metals sampling at the exhaust and intake faces was measured
through the spike and recovery of fiiter samples according to NIOSH 7300. NIOSH 1300
sampling accuracy was measured through the spike and recovery analysis of unused sample
tubes. The spike compounds and concentrations were selected based on the paint solvents
measured in the charcoal tubes. Spike and recovery analyses of particulate sampises were not
possible. For the exhaust and intake faces and the painter, accuracy for particulate sampling
was not measurable. For the ventilation ducts, particulate measurement was aiso not
measurable because the primary error source is non-isokineticity. The isokineticity objective is
90 to 110 percent.

OSHA Method 42 was followed in the analysis of isocyanate compounds obtained
at the exhaust fane and in the vicinity of the painter. The method does not call for spike and
recovery samples, and such were tharefore not performed. Instead, isocyanates standards were
tracked to watch for instrument drift, loss of column performance, and other errors. In addition,
four standards for eacn analyte were run at both the beginning and end of each analytical run.
For NIOSH 5521, the laboratory obtained percent recovery data by spiking samples with urea.

To assess the accuracy of the paint percent volatie and density measurements,
pubiished values from MSDSs for these parameters were obtained from mariufacturers and
compared to the analytical results. Usage rate accuracy was not measurable.

3. Completeness

The 90-percent completeness DQO was selected based on the successful completion
of similar projects in the past involving paint spray booth emissions sampling and evaluation.
A completeness level of 90 percent ensurad that sufficient valid data of known quality were
collected to evaluate project success. A completeness of 90 percent was achieved in all of the
sampling events, with the exception of the integrated organic sampling, in which an 85-percent
completeness was achieved, rather than the projected 90-percent, due to the malfunction of the
pumps used in the NIOSH 1300 sampling procedures.
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B. QUALITATIVE DATA QUALITY OBJECTIVES

The painting operations in the booth were highly variable and non-repetitious. Therefore,

a prlmary concern was that the samples collected be representative of typical operations. For
this reason, sampling occurred over a 3-week period.

Careful scheduling with the paint spray booth operator was required for the successful
complelion of this project. Acurex Environmental coordinated with the Travis AFB personnel to
ensure thal there was a sulficiently large workpiece backiog for each lest series. Acurex

Environmental also endeavored to ensure that arepresentative sample of each typical workpiece
was evaluated.
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2. EPA Quality Assurance Review of the Category Il QAPP, EPA Contract No. 68-D1-0146, Work
Assignment /004, April 1992,

3. Hughes, S. E. and Wolbach, C. D., Response to EPA Quality Assurance Review,
May 6, 1992,
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APPENDIX J

EXAMPLE CALCULATION WORKSHEET FOR PERGENT RECIRCULATION
VERSUS PERCENT PARTICULATE REMOVAL EFFICIENCY
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PROJECTED POLLUTANT LEVELS WITH RECIRCULATION

This calculation assumes no split-flow.

% REMOVAL OF STRONTIUM CHROMATE 85
% REMOVAL OF ISOCYANATES: 85
RECIRCULATION RATE = 87.4%

This worksheet compares results 1o the TWA Em, not to the STEL

COMPOUNDS .
DETECTED Current PROJECTED Booth
LEVEL W/O  8-hour TWA LEVEL Em Calculation
RECIRC. PEL or TLV mg/m3  (dimensionless)
mg/m3 mg/m3
ORGANICS VS.Em
VOCH1: .
MEK 5.80 590 ‘46 0.08
vOC2:
MIBK 4.20 205 33 0.16
VOC3:
TOLUENE 0.64 188 5 0.03
VOC4:
N-BUTYL ACETATE 1.10 710 9 0.01
VOCSs:
XYLENES 0.1% 434 1 0.00
VvGCe: )
ETHYIL.ACETATE 0.26 1400 2 0.00
vOC7:
2-BUTANOL 0.28 3n5 2 0.01
|ORGANIC Em 0.29|
METAL Em CALCULATIONS Metal Em
STRONT CHROMATE as Cr 0.0063 0.05 0.050 1
ISOCYANATE Em CALCULATIONS HDIEm
HDI 0.000570 0.034 0.005 0.13
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